Abstract-Intensive worldwide effort is speeding up the developments in the establishment of a global surveillance network for combating pandemics of emerging infectious disease.
I. INTRODUCTION
The global surveillance network is growing fast under an intensive worldwide effort. Surveillance is an ongoing systematic collection, analysis and interpretation of outcome specific data for use in planning, implementing evaluating public health policies and practices. There are two main functions served by a communicable disease monitoring system (i) early alert and warning of potential threats to public health and (ii) programmed monitoring functions, which may be disease-specific or multi-disease in nature.
Hand, Foot and Mouth Disease (HFMD) become one of the most infectious diseases in Malaysia [1] . It mostly affects infants and young children under the age of five [2] . Symptoms normally begin with a fever, reduced appetite, sore throat, and a feeling of being unwell.
According to Datuk Seri Dr. S. Subramaniam, from January until April this year, a total of 13,497 cases were reported nationwide. This was an increase of 83% over the same period last year. The previous study mentioned that in avoiding close contact with the infected can reduce the risk of infection [3] . The Ministry of Health had raised awareness of HFMD especially in kindergartens and child care centers since the ministry expected the rise of HFMD in the year 20 15. Prevention and control measures need to be taken in order to prevent a child from getting the HFMD.
In order to avoid close contact with the infected people, one needs to be aware of where the actual cases came from. Unfortunately, there is no delivery platform to make accurate and just-in-time information about the disease available for those uninfected community. Usually, public can only obtain information through mass media such as newspaper, radio or social media. However, sometimes such information does not come from trusted source and thus may not be accurate or worse just rumors. As a result, the public face difficulties in preventing HFMD at the earliest stage since the news and trusted information are disseminated to the public gradually. Therefore, in order to create awareness and help in reducing the infected cases of a disease, the authors implemented a disease monitoring system to integrate on a mobile application to disseminate real-time and reliable information to the community.
II. MOTIVATIONS
Infectious diseases are a leading cause of illness and death throughout the world. Today's infectious disease challenges are broader and more complex. People deal with infectious diseases with a passive approach which is an intervention that provides automatic protection without action from an individual. This is due to lack of accurate and just-in-time disease information from reliable authorized sources. If the public can obtain accurate and real-time disease information at their fingertips, this can create high awareness and the community can become proactive in preventing the disease. This can relieve the burden of the public health authorities and hospitals because unreliable disease information may lead in public plummeting at the hospital.
There is a nationwide collaboration that collect, manage, share, analyze, interpret, and disseminate health-related data for state-reportable and nationally notifiable diseases and conditions. eNotifikasi, the existing system used in Malaysia is only able to collect data from the medical personnel and visualized it in plain table format. The current system lacks in predictive power, this may burden public health, hospital, and clinic when there is a sudden outbreak.
The public health department and authorized medical personnel need to focus on the use of data to improve public health interventions. One of it is by utilizing timely and useful data in the system and integrates it with a data-driven prediction model. The mathematical model for different types of disease can be incorporated into the proposed system to help the medical personnel to study the effects of different components of the diseases and do the prediction based on its behavior. Normally, the parameter in a disease model is static and the effectiveness of a model is affected by the availability of data. Now, one automated parameter calculator has been implemented to provide the critical parameter(s) to the model. Thus, a forecasting action can be prepared through the prediction. In addition, data can be generated and transformed into different types of visualizations. For example, the present of hotspots with different levels of color on the map give them a clear picture on where they should start the prevention.
In order to notify public with just-in-time information, a mobile application plays a significant role to distribute the reliable disease information on the wider area. Parents and teachers can utilize this application to attain information about the disease immediately. The information publishes in the mobile application retrieved from the online communicable disease monitoring system which stores all disease data that is verified by an authorized medical personnel. Moreover, it is to update the location which is tracked with the infected cases. Simultaneously, parents can prevent their children from going to the particular location of highly infected with the disease. Since the school has had this information, they can take appropriate action immediately to avoid this disease to march into the school. Consequently, the mobile application can increase the awareness and may reduce the number of susceptible people and also to prevent the outbreak of the disease.
III. LITERATURE REVIEWS
As the main heart of the system is on the disease monitoring, the reviews done specifically on the existing disease monitoring system that is used by the Ministry of Health to identify their system's structure, data flow, and the required parameters and specifications on the monitoring process. The second part is reviewing current disease mobile application that disseminates health-related information to public. Reviewing on various existing systems and related articles enable comparisons to be made between them, to produce an idea and determine the best solution to be applied in this project. One similar system, Communicable Disease Control
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Information System (CDCIS) and one similar application, SickWeather have been reviewed. On top of that, additional features and functionalities can be added to the proposed system to address the limitations of the current system. eNotifikasi or formerly known as CDCIS (an acronym for Communicable Disease Control Information System) is a nationwide network that links all health facilities including goverrunent hospitals and clinics, District Health Offices, State Health Departments and Disease Control Division (Bahagian Kawalan Penyakit or BKP) under the National Department of Public Health through the network of Ministry of Health (MOH) in Malaysia [4] . It was developed in accordance with the Prevention and Control of Infectious Disease Act 1988 (Act 342), in which all the communicable disease cases must be notified by all the health facilities or any other related authorized user within 24 hours per day.
eNotifikasi proves useful in increasing the efficiency in notifying infectious diseases and thus accelerate the number of activities in order to prevent the disease outbreak. It also reduces the amount of incoming late notifications for monitoring purposes and produces a better statistical report on the disease.
There are six main modules embedded in the eNotifikasi system which includes case registration, case investigation, case follow-up, report, query, and alarm [5] . In addition to these, according to the eNotifikasi guide book, there are a total of eight functions which include input the notification, update notification, register notification, register case or ignore case, move a case to another system, update case after four weeks, update laboratory result, and cancel the case. All the functions must be followed in a sequential manner and some of the actions can only be done by a certain level of authorised medical personnel. Once a case is being confirmed, the data will be stored in the data bank or centralized database which is at the Ministry of Health Malaysia for future references.
As a conclusion, CDCIS is merely a database system where it is only used to store data and to notify the authorized personnel. Different reports are able to be generated in CDCIS for analysis and interpreting of data. This is important for monitoring, controlling, and preventing the occurrence and spread of potential diseases. However, the current system cannot perform a proper prediction method. This causes a forecast prediction is hard to be made without the present of a mathematical model or algorithm in the system. SickWeather, developed by J. Erck, et al. (20 14), provides real-time alerts and displays the map for users. When users were located in the area where illnesses were reported, a notification would be shown [6] . The reported cases of SickWeather were coming from the social media. Anyone can report the presence of the illness. This current application has nice user interface design, however, there is no HFMD knowledge and data cannot be viewed when there is no network connection.
It is undeniable that the source of data used in a mobile application is important and need to be accurate and reliable. However, the data of SickWeather is retrieved from social media. One research criticized that data from Twitter (one of the social media platform) to illustrate socio-demographic makeup of United States is not accurate. Inaccurate data source from social media can lead to panic and anxiety in the public. Unfortunately, sometimes user may post a status and suspect them infected they actually did not. Thus, such misleading data can affect in disease management for the public health department.
In conclusion, a mobile application that integrates with an authorized disease monitoring system will serve as a better tool in dispersing information. This means that the data source of a mobile application is from a reliable source as it retrieves from the authorized disease monitoring system that is reported by disease experts and public health professionals. Thus, the proposed system gives a real-time alert to the users about the infected cases' locations that can be with or without a network connection. In addition, the proposed mobile application also provides complete knowledge including possible symptoms, treatments, and prevention of HFMD to create awareness for pUblic. This promotes the proactive approach within the public to prevent the infectious disease like HFMD from spreading. An additional feature which is different from the current application is the prediction power that is integrated with the disease monitoring system. Figure 1 illustrates the design of each component in Android-based disease monitoring system. The system contains 4 main components: (i) online communicable disease monitoring system (OCDMS), (ii) parameter calculator used to provide the critical parameter to the system, (iii) mathematical model of Leptospirosis cases incorporation with weather data and (iv) mobile application that retrieved from the system. Figure 1 explained the feature and data required in the integrated system.
IV. SYSTEM DESIGN

Online Communicable Disease Monitoring System (OCDMS)
The proposed system with the name Online Communicable Disease Monitoring System (OCDMS) acts as a website that will be deployed in medical health's server. This action can ensure that only medical personnel are able to get access to the site instead of the public since all the records are highly private and confidential. Users from different levels are dealing with their own tasks for example case registration, case investigation, case follow-up, report, query, and alarm through the interface of the proposed system.
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One of the additional features in the proposed system is the prediction graph. Prediction graph can be viewed when initial values are provided for example number of infected at the day. After generating the prediction graph, the analysis based on the plots is displayed as decision makers' extra information or to warn them about the seriousness of infected disease if no control measures are taken. 
Fig. 2. Sample HFMD Prediction Graph
On the other hand, the concept of mapping is to show the details of cases on a map for a better view as shown in Figure  3 . After generating the map, summary on the respective search is also shown to decision makers as extra information in helping them to make the decision for forecasting actions. The color of the pin-point will change according to the seriousness of cases on a specific location as illustrated in Figure 3 . The meaning of color include; red indicates very serious, yellow-green indicates not so serious, and green indicates not consider an outbreak yet (changing of colour is just to illustrate the concept of seriousness in this proposed system, it can be changed in future according to the experts' point of view).
Parameter Calculator
In OCDMS, a Susceptible-Infected-Recovered model developed by Chuo and Labadin in year 2008 was adapted [6] . The prediction graph is driven by this mathematical model, this model can forecast the estimated number of infected cases provided with initial conditions such as a total of actual infected cases of the day. The effectiveness and efficiency of the model are affected by the accuracy of parameter(s) such as transmission coefficient and recovered rate. As illustrated in Figure 1 , the mathematical model in OCDMS is enhanced by a parameter For section Map, users may find the places (pin-points) with the infected cases around users. The information in the pin point is the number of patients infected with HFMD and the location where they get an infection. The map helps users to locate the nearest hotspot easily as demonstrated in Figure 4 . There are six sections in the tab includes Map, Forecast, Map Info, Test, Knowledge and About Apps. The tab is used to switch the views frequently and highly aware of the HFMD.
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The next tab is Forecasting feature. This feature predicts the most serious of the HFMD cases for current day at a particular location so that the users may become aware of that location. Furthermore, a tab to display more details of the hotspot, for example, the infected cases distribution according to a different location in a wide area. This infonnation can be shared through social media to alert other users.
As shown in Figure 5 , a section Self-checking is implemented to assist parents to check children's health condition so that they can take earlier actions in quarantine if there is any symptom occurs in order to avoid the spreading of the disease. Additionally, section Knowledge is very important Figure 5 . Interactive video to guide children to wash hand correctly also can create greater awareness because it gives more impact when there is acombination of audio, image, and video.
A key goal in developing this system is ensuring the accuracy and reliability of the health data. The authors integrate the OCDMS and this mobile application as illustrated in Figure 1 . The main idea is to disseminate the number of infected cases from the database of the disease monitoring system. Ideally, the authors intended to use the database of eNotifikasi system. However, this current system is used by the medical personnel and maintained by the Ministry of Health (MOH). Since the database of eNotifikasi System is confidential, therefore the authors implement a disease monitoring system. This disease monitoring system is a proof of-concept demonstration.
The main database this study used is the database of Online Communicable Disease Monitoring System (OCDMS). The OCDMS [9] is developed to provide a better data presentation using mapping tool and to incorporate a mathematical model to predict the spread of the disease. Reliable and authorized data such as health-related information, coordinates of the hotspot, and also a number of occurrence of particular disease are retrieved from OCDMS as shown in Figure 1 .
The OCDMS is implemented using .NET web service. The service is deployed on the local machine which is on the 101 Internet Protocol (IP) address. The connection between server and client is the most challenging task as shown in Figure 6 . From here, the server (Microsoft SQL Server and .NET web service) sends or receives information to the client (Android device) by using a third party called as kSOAP library because it is lightweight and efficient. Simple Object Access Protocol (SOAP) is a protocol to send and to retrieve infonnation in order to invoke web methods from the web service [8] .
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��. In .NET web service, the web service must be pointed to the IP address instead of using "Iocalhost". The reason is the "localhost" may point to the client (Android device) itself when the application installs in the real device. Besides that, ensure the server is connected to the internet so that the data can be accessed anywhere and on any device.
For the implementation of the client side (Android device), to get data from the server, ensure the device is connected to the Wi-Fi with accessing the same internet with the server. The reason being the device is only able to retrieve data from the server by accessing the internet. Before retrieving the data from the server, kSOAP library is needed as shown in Figure 7 to call the method from the web service [9] .
THtTab]-Android Studio 1.0.1 Eae Edit � Navigate ,Code Anal;1;e &�act� B.uild Ryn Iools VC,S ,N"mdow On the other hand, the users may receive a notification when the medical personnel has inserted a new record or updated a data from the main database. Before that, the client may need to send a request from the mobile to the GCM and then to register an account to the server after GCM registers that mobile. The registration account during the application installation is the same algorithm as in the server-client connection above. After registering the account, the server only can send the notification to that client which is already registered (which is also installed the application) by using the registration ID.
Incorporates weather data
The proposed system in Figure 1 is driven by a mathematical model which incorporates with weather data. A case study of Leptospirosis cases has been used to demonstrate the weather factor is crucial in spread the disease. As a conclusion, rainfall does give impact to disease transmission. As the number of vector increase with the presence of rainfall, the number of infected case increase steeply as shown in Figure  8 . The authors believed that weather factor is a significant factor in disease transmission. The proposed integrated system intended to enhance the current disease surveillance system to focus more on the use of data to improve public health interventions. Public health officer can utilized timely and useful health-related data in the monitoring system and integrate with a data-driven prediction model. The disease monitoring system can provide early alert and warning of potential threats to public health and monitoring multi-disease spreads. This Online Communicable Disease Monitoring System (OCDMS) enhanced the current system to offer an online platform to monitor the spread of infected diseases in a more precise way. Related data of the infected person which will be presented in various types of graphical visualizations helps the medical personnel to have a clear picture on the spreading of diseases. In addition, the incorporated mathematical model helps in doing forecasting action and reduces the seriousness of diseases outbreak. This mathematical model parameter can be quantified accurately by using an automated tool that adopted Maximum Likelihood Estimation. The mobile application disseminates the reliable and accurate data to the public user. This can create awareness to avoid the public from infected to infectious diseases Nevertheless, the study also concludes weather factor is a significant factor in the transmission of disease. The study also demonstrated the quantification process of the critical parameter such as transmission coefficient.
